Abstract -In this study, we designed and fabricated the LED navigation lighting system which complements the disadvantages of conventional light and improves luminous performance. A 5.6 W LED module was fabricated to replace a 60 W incandescent lamp, and its diameter was minimized to dispose itself on the focal point of conventional lens. To improve heat radiation, holes were made on the heat sink, resulting in increasing the surface area, and the loss of luminous intensity was decreased applying a structure which consists of a clear lens and color LED. Optical characteristics of the prototype were measured, and the results satisfied the COLREG and the EN 14744 showing 70% of maximum vertical luminous intensity in range of ± 5°, and horizontal luminous intensity was 184.7 cd, increased by 20% compared to incandescent lamp. In conclusion, the fabricated LED navigation lighting system showed improved electrical and optical performances with power consumption reduced by more than 90% and luminous intensity increased by 20%.
Introduction
To prepare severe climatic change, damage to the environment and exhaustion of primary resources 'Green growth' is presented for the national vision. It results in increasing the support and focus on high efficiency, ecotech. In this background, in luminaire industry which comprises 20% of the total power consumption, it has been actively conducting a research on LED as a typical light source with high efficiency and environment friendliness. Compared to conventional light source LED has 2 times higher luminous efficiency, 2-3 times lower CO 2 emission and ten times longer life span. It is the reason why it receives attention as one of potential future light source.
Especially, the advantages can be suitable for the environment which causes the shock and vibration on a ship. In case of conventional lights such as incandescent and fluorescent lamps, it makes a loss in maintenance cost with fragile characteristics, and increases a risk on a sailing. For this reason the mast-head light and the side light must be equipped with assistance lights for an emergency. Therefore, it can serve as a solution on vessel luminaire for replacing the conventional lights with LED [1] - [3] .
In this paper, we designed and fabricated the LED navigation lighting system which consists of LED replacing a 60 W incandescent lamp. Optical characteristics of the prototypes were measured to know whether they satisfy the standard the COLREG and the EN 14744 or not. Also, for drawing an efficient color realization method we conducted a comparative analysis on the spectrum for two different structures, color lens with white LED and clear lens with color LED.
Design and Fabrication
This navigation light is an essential luminaire for sailing and it is classified into the mast-head light, side light, towing light, stern light, and etc. The mast-head light is a white light and is used to inform own situation and location to others. Side light is used to inform a direction to sail like turn signal. It must be installed on the left side with a red light and on the opposite side with a green light. Also, towing light as a yellow light is used to inform a situation in tow.
Heat sink
The heat radiation is the most important part for † designing an LED luminaire. LED has a thermal characteristic; when external temperature or junction temperature increases, its optical characteristic decreases. Therefore, a proper heat radiation design can be a solution for this problem [5] . Fig. 1 shows the fabricated heat sink. It is made of aluminum and the diameter is 12.5 mm while its height is 125.0 mm. By machining holes on a surface of the heat sink the heat radiation performance was improved and the weight of the heat sink was reduced. The results are shown in Table 1 . After machining, the surface area was increased by 46.0%, and the weight was reduced by 30.0%. 
LED module
As shown in Fig. 2 , a LED module was fabricated to replace a 60 W incandescent lamp. Diameter of the module was minimized to place itself within the shortest possible focal distance. The module consists of five of 1 W highpower LED packages in series, and has auxiliary circuit for emergency. Total power consumption was 5.6 W, which is 90.0 % lower compared to that of conventional light.
Color realization
When having to materialize a specific color, the conventional navigation light could not help but lose the luminous intensity through color lens. But as LED replaces incandescent lamp, various colors can be expressed with the RGB package and therefore the color lens is no longer needed. Therefore, in order to draw an efficient color realization method we conducted a comparative analysis of the spectrum with two structures each of which consisted of color lens with white LED and clear lens with color LED. Red, green and yellow LED were used in side light and towing light. The experimental system is shown in Fig. 3 . Table 3 represents the luminous range and intensity of navigation light regulated by COLREG and EN 14744. Mast-head light should meet luminous range of 6 NM with 118 cd in minimum. Also, it must keep the minimum luminous intensity within the range of ± 5° and 60% of the minimum luminous intensity within the range of ± 7.5° on a vertical line. Fig. 5 shows the luminous distribution of the fabricated LED navigation light. As shown, the luminous intensity is over 70% of the maximum value within the range of ± 5° on a vertical line. Also, the average horizontal luminous intensity is 184.7 cd within the range of 0° -180°. It was increased by 200% and 150% compared to the minimum reference and the practical intensity, respectively.
Measurements and analysis

Optical characteristic
Fig. 5. Luminous intensity distribution.
Additionally, the luminous intensity was increased by 20% against that of a 60 W incandescent navigation light. Therefore, it presented advanced optical performance while at the same time satisfying the regulation.
Thermal characteristic
To confirm the thermal characteristic of LED module, the variation of the temperature was measured at three points; near the LED package, the heat sink and cover with TLOG-1100. The experiment was conducted for 70 minutes in a 25°C room.
As shown in Fig. 6 , the surface temperature on the LED package and the heat sink reached the thermal equilibrium at 44°C, while the case reached the same point at 33°C. Fig. 7(a) shows that the heat radiated from the LED package was transmitted through a lens. In Fig. 7(b) , the temperature of the heat sink was 30.0°C-36.5°C while that of the LED package was 51.0°C. From the result it shows that proper heat radiation is occurring. 
Conclusion
In this paper, we designed and fabricated the LED navigation lighting system consisting of 5.6 W LED module in order to replace a 60 W incandescent lamp navigation light. To increase the heat radiation performance we fabricated an improved heat sink, and a comparative analysis of the spectrum was conducted for drawing an efficient color realization method.
From the above results we can confirm that; 1. The total power consumption could be reduced by more than 90.0% by replacing the 60 W incandescent lamp with the 5.6 W LED module. 2. Machining holes on the surface of the heat sink, the surface area was increased by 46.0% while the weight was decreased by 30.0%. According to the result of the thermal distribution measurement using TLOG-1100 and FLIR i50, proper heat radiation was confirmed as the temperature on heat sink maintained at 30.0°C-36.5°C while that of the LED package was 51.0°C. 3. The vertical luminous intensity was over 70% of the maximum value within the range of ± 5°. The average horizontal luminous intensity was 184.7 cd which was 20% higher than that of conventional light. Therefore, it is confirmed that the LED navigation lighting system presents advanced optical performance while at the same time satisfying the regulation. 4. The module composed of a clear lens and a color LED presented the luminous intensity 10 times higher than that of a light composed of a color lens and a white LED in all visible spectrums.
